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Bearing Capacity Analysis

Type I Retaining Walls
SV-1 and SV-2 Ramps
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Values of N, for ¢ of 34 and 48° are original Terzaghi values
and used to back-compute K,,

¢, deg N, Ng N, K,,
0 5.7t 1.0 0.0 10.8
5 73 1.6 0.5 12.2

10 9.6 27 1.2 14.7

15 12,9 44 25 18.6

20 17.7 14 50 250

25 25.1 12.7 9.7 350

30 372 225 19.7 520

34 526 36.5 36.0

35 518 414 424 820

40 95.7 81.3 100.4 141.0

45 1723 1733 297.5 298.0

48 258.3 287.9 780.1

50 347.5 415.1 1153.2 800.0

t=15+1

/ "TABLE 4-3 Shape, depth, and inclination factors for the

Meyerhof bearing-capacity equation of Table 4-1

Factors Yalue For
B
Shape: se=1+02K, I Any ¢
B .
se=5,=1+01K,~— ¢ > 10°
L
sg=5,=1 ¢=0
D
Depth: d. =1+ 02, /K'E Any ¢
Vra D
dy=d.=1+01 K’E ¢>10
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”\?
Inclination: =i, = <l - 903) Any ¢

0\?
R # i, = (l - ¢—) ¢>0
i i, = ¢=0
Where K, = tan® (45 + ¢,2) as on Fig. 4-2
8 = angle of resultant measured from vertical without a sign

B, L, D = previously defined
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Stability Analysis (XSTABL)

SV-1 Ramp



XSTABL File: SV1 4-11-** 17:32

A E XSRS EEEE SRR SRR R R RS ESS RS RE SRR RN

* XSTABL *
L 4 *
* Slope Stability Analysis *
* using the *
* Method of Slices *
* .2
* Copyright (C) 1992 A 96 *
* Interactive Software Designs, Inc. *
* Moscow, ID 83843, U.S.A. *
* . *
* All Rights Reserved *
%* *
* *
* *

Ver. 5.105a 95 A 1474

dedrde kg kR ko d ok ok kg ok ek ko ok ok e ok ke e b sk ok e o S ok ok e e e ok

Problem Description : Wall Sv-1, Sta. 12+60 fE;|;$|lC, <:LAé;E;-

6 SURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit
No. (m) (m) ) (m) (m} Below Segment
1 .1 10.0 10.0 10.0 2
2 10.0 10.0 10.1 11.3 3
3 10.1 11.3 11.3 11.9 3
4 11.3 11.9 12.5 12.5 2
5 12.5 12.5 18.3 14.8 1
6 18.3 14.8 28.3 14.8 1

4 SUBSURFACE boundary segments

Segment x-left y-left x-right y~-right Soil Unit
No. (m) {m) (m) (m) Below Segment
1 12.5 12.3 28.3 12.3 2
2 10.0 10.0 10.1 9.2 2
3 10.1 9.2 11.2 9.2 2
4 11.2 9.2 11.3 11.9 2

3 Soil unit({s) specified



Soil Unit Weight Cohesion Friction Pore Pressure Water

Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (kN/m3) (kN/m3) (kPa) (degqg) Ru (kPa) No.

1 18.5 18.5 .0 30.00 .000 .0 0

2 19.0 18.0 34.7 35.00 .000 .0 0

3 22.0 22.0 200.0 45.00 .000 .0 0

A critical failure surface searching method, using a random
technique for generating CIRCULAR surfaces has been specified.

400 trial surfaces will be generated and analyzed.

5. - 20 Syrfages initiate from each of 20 points equally spaced

:"along the ground surface between x = 5.5 m
and x = 8.5 m

Each surface terminates between X = 12.0 m
and X = 22.0m

Unless further limitations were imposed, the minimum elevation
at which a surface extends is y = .0m

* % % * x DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * *

1.0 m 1line segments define each trial failure surface.

ANGULAR RESTRICTIONS

The first segment of each failure surface will be inclined
within the angular range defined by

Lower angular limit := ~-30.0 degrees
Upper angular limit (slope angle - 5.0) degrees

Factors of safety have been calculated by the :

X ow e x ok SIMPLIFIED JANBU METHOD ook ok ok

The 10 most critical of all the failure surfaces examined
are displayed below - the most critical first

Failure surface No. 1 specified by 15 coordinate points



Point x-surf y-surf

No. . {m) (m)
1 7.55 10.00
2 . 8.47 9.59
3 9.42 9.31
4 10.41 9.14
5 11.42 9.11
6 12.41 9.20
7 13.38 9.41
8 14.32 9.75
9 15.21 10.21
10 16.04 10.77
11 16.79 11.44
12 17.44 12.19
13 18.00 - 13.02
14 18.45 13.92
15 18.75 14.80
** Corrected JANBU FOS = 4.126 ** (Fo factor = 1.079)

Failure surface No. 2 specified by 16 coordinate points

Point x-surf y-surf
No. (m) (m)
1 7.39 10.00
2 8.30 9.57
3 9.25 9.26
4 10.23 - 9.08
5 11.23 9.01
6 12.23 9.07
7 13.21 9.25
8 14.16 9.56
9 15.07 9.98
10 15.92 10.50
11 16.70 11.14
12 17.39 11.86
13 17.98 12.66
14 18.48 13.53
15 18.86 14.46 v
16 18.95 14.80
**  Corrected JANBU FOS = 4.131 ** (Fo factor = 1.080)

Failure surface No. 3 specified by 16 coordinate points

. Point x-surf y-surf
No. (m) (m)

1 8.18 10.00

2 9.07 9.54

3 10.02 9.21

4 11.00 9.01



5 11.99 8.95
6 12.99 9.01
7 13.97 9.22
8 14.91 9.55
9 15.80 10.01
10 16.62 10.59
11 17.35 11.27
12 17.98 12.04
13 18.51 12.90
14 18.91 13.81
15 19.18 14.77
16 19.19 14.80
** Corrected JANBU FOS = 4.132 ** - (Fo factor = 1.082)

Failure surface No. 4 specified by 16 coordinate points

Point x-surf y-surf

No. (m) - (m)
1 7.71 10.00
2 8.60 9.54
3 9.54 9.20
4 10.52 8.99
5 11.51 8.90
6 12.51 8.95
7 13.50 9.12
8 14.45 9.42
9 15.36 9.84 T
10 16.20 10.38

11 16.97 11.02

12 17.65 11.75

13 18.23 12.57

14 18.69 13.45

15 19.04 14.39

16 19.13 14.80

*+ Corrected JANBU FOS = 4.136 *~* (Fo factor = 1.082)

Failure surface No. 5 specified by 16 coordinate points

Point x-surf y-surf
No. (m) (m)
1 7.24 10.00
2 8.15 9.60
3 9.11 9.31
4 10.10 9.15
5 11.10 9.11
6 12.09 9.19
7 13.07 9.40
8 14.02 9.72
9 14.91 10.16
10 15.75 10.71
11 16.51 11.36



12 17.19 12.10

13 17.77 12.91
14 18.24 13.80
15 ©18.60 14.73
16 18.62 14.80
** Corrected JANBU FOS = 4.159 *~* (Fo factor = 1.079)

Failure surface No. 6 specified by 16 coordinate points

Point x=-surf y-surf
No. (m) (m)
1 7.55 10.00
2 8.43 9.52
3 9.36 8.16
4 10.34 8.92
5 11.33 8.81
6 12.33 8.82
7 13.32 8.96
8 14.28 9.22
9 15.21 9.60
10 16.07 10.10
11 16.87 10.70
12 17.59 11.40
13 18.21 12.19
14 18.72 13.04
15 19.13 13.96
16 ..19.38 14.80 -
** Corrected JANBU FOS = 4,160 ** (Fo factor = 1.082)

Failure surface No. 7 specified by 17 coordinate points

Point x-surf y-surf
No. {m) {(m)
1 7.24 10.00
2 8.12 9.52
3 9.05 9.16
4 10.02 8.91
5 11.01 8.78
6 12.01 8.77
7 13.00 8.89
8 13.97 9.12
9 14.91 9.48
10 15.80 9.94
11 16.62 10.51
12 17.37 11.17
13 18.03 11.92
14 18.60 12.74
15 19.06 13.63
16 19.41 14.57

17 19.46 14.80



*+ Corrected JANBU FOS = 4.165 ** (Fo factor = 1.081)

Failure surface No. B8 specified by 16 coordinate points

Point x-surf y-surf
No. {m) {m)
1 8.18 10.00
2 9.05 9.50
3 9.98 9.13
4 10.85 8.89
5 11.95 8.79
6 12.94 8.82
7 13.93 9.00
8 14.88 9.31
] 15.78 9.75
10 16.60 10.31
11 17.35 10.98
12 17.99 11.75
13 18.52 12.60
14 18.92 13.52
15 19.19 14.48
16 19.24 14.80
** Corrected JANBU FOS = 4,187 ** (Fo factor = 1.084)

Failure surface No. 9 specified by 17 coordinate points

Point x-surf y-surf
No. (m) (m)
1 7.08 10.00
2 7.99 9.59%
3 8.94 9.27
4 9.92 9.06
5 10.91 8.95
6 11.91 8.95
7 12.91 9.05
8 13.88 9.26
9 14.84 9.57
10 15.75 9.97
11 16.61 10.47
12 17.42 11.06
13 18.16 11.73
14 18.83 12.48
15 19.42 13.29
16 19.91 14.16
17 20.19 14.80
** Corrected JANBU FOS = 4.197 *~* (Fo factor = 1.076)

Failure surface No.1l0 specified by 16 coordinate points

Point x-surf y—surf



Y
ey

No (m) (m)
1 8.34 10.00
2 8.21 9.51
3 10.15 9.15
4 11.12 8.92
5 12.11 8.82
6 13.11 8.86
7 14.10 9.04
8 15.05 9.35
9 15.95 9.78
10 16.78 10.34
11 17.52 11.01
12 18.17 11.77
13 18.71 12.61
14 19.13 13.52
15 19.42 14.48
16 19.47 14.80
‘*?1\gqg;§$§eg;JANBU FOS = 4.200 ** (Fo factor = 1.084)

********************************************************************

* %* K

** Out of the 400 surfaces generated and analyzed by XSTABL,
il 54 surfaces were found to have MISLEADING FOS values. ok

d ¥

% d

¥ ok
*****y\-**fw&**************'***************i-A—***************************

The following is a summary of the TEN most critical surfaces

Problem Description : Wall SV-1, Sta. 12+60

Modified Correction Initial Terminal Available
JANBU FOS Factor x-coord x-coord Strength
(m) (m) {kN)

1. 4.126 1.079 7.55 18.75 7.350E+02
2. 4.131 1.080 7.39 18.95 7.750E+02
3. 4.132 1.082 8.18 19.19 8.023E+02
4. 4.136 1.082 7.71 19.13 8.138E+02
5. 4.159 1.079 7.24 18.62 7.270E+02
6. 4.160 1.082 7.55 19.38 8.598E+02
7. 4.165 1.081 7.24 19.46 8.779E+02
8. 4.187 1.084 8.18 19.24 8.481E+02
9. 4.197 1.076 7.08 20.19 8.908E+02
10. 4.200 1.084 8.34 19.47 8.563E+02

* * » END OF FILE * * *



XSTABL File: SVI1S 4-12-** 7:13

******************************************

XS TABL
Slope Stability Analysis

using the
Method of Slices

Moscow, ID 83843, U.S.A.
All Rights Reserved

Ver. 5.105a 95 A 1474

***************************************'*

* *
* %
* *
d* L1
* *
* *
* Copyright (C) 1992 A 96 *
* Interactive Software Designs, Inc. *
* *
* *
* *
* *
* b g
* s

Problem Description : Wall Sv-1, Sta. 12+60 - PQWDOQTP(TK’ CM

6 SURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit

No. (m) (m) (m) (m) Below Segment
1 .1 10.0 10.0 10.0 2

2 10.0 10.0 10.1 11.3 3

3 10.1 11.3 11.3 11.9 3

4 11.3 11.9 12.5 ~12.5 2

5 12.5 12.5 18.3 14.8 1

6 18.3 14.8 28.3 14.8 1

4 SUBSURFACE boundary segments

Segment x-left y-left x-right y-right Soil Unit
No. (m) (m) (m) (m) Below Segment
1 12.5 12.3 28.3 12.3 2
T2 10.0 10.0 10.1 9.2 2
3 10.1 9.2 11.2 9.2 2
4 11.2 9.2 11.3 11.9 2

3 Soil unit(s) specified



Soil Unit Weight Cohesion Friction Pore Pressure Water

Unit Moist Sat. Intercept Angle Parameter Constant Surface
No. (kN/m3) (kN/m3) (kPa) (deg) Ru (kPa) No.

1 18.5 18.5 .0 30.00 .000 .0 0

2 19.0 19.0 34.7 35.00 .000 .0 0

3 22.0 22.0 200.0 45.00 .000 .0 0

A horizontal earthquake loading coefficient
of .150 has been assigned

A vertical earthquake loading coefficienﬁ
of .000 has been assigned

A critical failure surface searching method, using a random
technique for generating CIRCULAR surfaces has been specified.

400 trial surfaces will be generated and analyzed.

20 Surfaces initiate from each of 20 points equally spaced

along the ground surface between x = 5.5 m
and x = 8.5 m

Each surface terminates between X = 12.0m
and X = 22.0 m

Unless further limitations were imposed, the minimum elevation
at which a surface extends is y = .0m

+ % * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * *

1.0 m line segments define each trial failure surface.

ANGULAR RESTRICTIONS

The first segment of each failure surface will be inclined
within the angular range defined by :

Lower angular limit -30.0 degrees
Upper angular limit := (slope angle - 5.0) degrees

Factors of safety have been calculated by the
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The 10 most critical of all the failure surfaces examined
are displayed below - the most critical first

Failure surface No. 1 specified by 16 coordinate points

Point x=-surf y-surf
No. {m) (m)
1 8.18 10.00
2 9.07 9.54
3 10.02 9.21
4 11.00 9.01
5 11.99 8.95
6 12.99 9.01
7 13.97 9.22
8 14.91 9.55
9 15.80 10.01
10 ‘ 16.62 10.59
11 17.35 11.27
12 17.98 12.04
13 18.51 12.90
14 18.91 13.81
15 19.18 14.77
16 19.19% 14.80
** Corrected JANBU FOS =---3.009 ** (Fo factor = 1.082)

Failure surface No. 2 specified by 17 coordinate points

Point x-surf y-surf
No. (m) {m)
1 7.08 10.00
2 -7.99 9.59
3 8.94 9.27
4 9.92 9.06
5 10.91 8.95
6 11.91 8.95
7 12.91 9.05
8 13.88 9.26
S 14.84 9.57
10 15.75 9.97
11 16.61 10.47
12 17.42 11.06
13 18.16 11.73
14 18.83 12.48
15 19.42 13.29
16 19.91 14.16
17 20.19 14.80 ~

** Corrected JANBU FOS = 3.012 ** (Fo factor = 1.076)



Failure surface No. 3 specified by 17 coordinate points

Point x-surf y-surf
No. (m) {m)
1 7.39 10.00
2 8.30 9.57
3 9.24 9.24
4 10.21 9.01
5 11.21 8.88
6 12.21 8.86
7 13.20 8.95
8 14.18 9.14
9 15.14 9.43
10 16.06 9.83
11 16.93 10.32
12 17.75 10.89
13 18.50 11.55
14 19.17 12.29
15 19.77 13.10
16 20.27 13.96
17 20.66 . 14.80

** Corrected JANBU FOS = 3.013 *~* (Fo factor = 1.077)

Failure surface No. 4 specified by 17 coordinate points

- .. Point x-surf y-surf.
No. (m) (m)

1 7.87 10.00

2 8.75 9.52

3 9.68 9.16

4 10.65 8.91

5 11.64 8.79

6 12.64 8.79

7 13.63 8.91

8 14.60 9.15

9 15.54 9.51

10 16.42 9.98

11 17.23 10.56

12 17.97 11.23

13 18.63 11.99

14 19.18 12.83

15 19.62 13.72

16 139.96 14.66

17 19.98 " 14.80

** Corrected JANBU FOS = 3.018 ** (Fo factor = 1.081)

Failure surface No. 5 specified by 17 coordinate points

Point x-surf y-surf
No. (m) {(m)



1 g8.03 10.00
2 8.91 9.53
3 9.84 9.16
4 10.81 8.92
5 11.80 8.80
6 12.80 8.80
7 13.79 8.93
8 14.76 9.17
9 15.69 9.54
10 16.57 10.02
11 17.38 10.60
12 18.12 11.28
13 18.76 12.05
14 19.30 12.89
15 19.74 13.79
16 20.06 14.74
17 20.07 14.80
*%* Corrected JANBU FOS = 3.019 ** (Fo factor = 1.082)

Failure surface No. 6 specified by 16 coordinate points

Point x-surf y-surf
No. (m) {(m)

1 7.71 10.00

2 8.60 9.54

3 9.54 9.20

4 10.52 8.99

5 11.51 8.90

6 12.51 8.95

7 13.50 9.12

8 14.45 9.42

9 15.36 9.84

10 16.20 10.38

11 16.97 11.02

12 17.65 11.75

13 18.23 12.57

14 18.69 13.45

15 19.04 14.39

16 19.13 14.80

*+ Corrected JANBU FOS =  3.020 ** (Fo factor = 1.082)

Failure surface No. 7 specified by 16 coordinate points

Point x-surf y-surf
No. {m) (m)
1 7.55 10.00
2 8.43 9.52
3 9.36 9.16
4 10.34 8.92
5 11.33 8.81



6 12.33 8.82
7 13.32 8.96
8 14.28 9.22
) 15.21 9.60
10 16.07 -10.10
11 16.87 10.70
12 17.59 11.40
13 18.21 12.19
14 18.72 13.04
15 19.13 13.96
16 19.38 14.80

** Corrected JANBU FOS = 3.024 ** {Fo factor = 1.082)

Failure surface No. 8 specified by 17 coordinate points.

Point x-surf y-surf
No. (m) (m)

1 7.24 10.00

2 8.12 9.52

3 9.05 9.16

4 10.02 8.91

5 11.01 8.78

6 12.01 8.77

7 13.00 8.89

8 13.97 9.12

9 14.91 9.48
10 15.80 N 9.94 .

11 16.62 10.51

12 17.37 11.17

13 18.03 11.92

14 18.60 12.74

15 19.06 13.63

16 19.41 14.57

17 19.46 14.80

** Corrected JANBU FOS = 3.026 *~* (Fo factor = 1.081)

Failure surface No. 9 specified by 18 coordinate points

Point x-surf y-surf
No. (m) {m)
1 7.39 10.00
2 8.31 9.59
3 9.26 9.28
4 10.23 9.06
5 11.22 8.93
6 12.22 8.90
7 13.22 8.96
8 14.21 9.12
9 15.18 9.38
10 16.11 9.72
11 17.01 10.16



12 17.87 10.68

13 18.67 11.28
14 19.40 11.96
15 20.07 12.70
16 20.67 13.50
17 21.18 14.36
18 21.39 ©14.80
** Corrected JANBU FOS = 3.031 ** (Fo factor = 1.074)

Failure surface No.l0 specified by 16 coordinate points

Point - x-surf y-surf
No. (m) (m)
1 7.39 10.00
2 8.30 9.57
3 9.25 9.26
4 10.23 9.08
5 11.23 9.01
6 12.23 9.07
7 13.21 9.25
8 14.16 9.56
9 15.07 9.98
10 15.92 10.50
11 16.70 11.14
12 17.39 11.86
13 17.98 12.66
14 e 18.48 13.53 -
15 18.86 14.46
16 18.95 14.80
** Corrected JANBU FOS = 3.032 ** (Fo factor = 1.080)

*****-k*‘******************************-Av******************************

* * *

**  Out of the 400 surfaces generated and analyzed by XSTABL, **
** 32 surfaces were found to have MISLEADING FOS values. **
J J F* K
********************************************************************

The following is a summary of the TEN most critical surfaces

Problem Description : Wall SV-1, Sta. 12+60

Modified Correction Initial Terminal Available
JANBU FOS Factor x~-coord x~coord Strength
(m) (m) (kN)

1. 3.009 1.082 8.18 19.19 7.871E+02
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.018
.019
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.026
.031
.032
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.076
.077
.081
.082
.082
.082
.081
.074
.080
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END OF FILE

.08
.39
.87
.03
.71
.55
.24
.39
.39
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20.
20.
19.
20.
19.
19.
19.
21.
18.

19
66
98
07
13
38
46
39
95
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.749E+02
.271E+02
.931E+02
.952E+02
.988E+02
.442E402
.622E+02
.744E+02
.608E+02



